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(57) Abstract 



Disclosed are apparatus and method for detecting electromagnetic interference (EMI), or noise, that may disnipt the proper operation 
of medical devices (10) implantable in patients, such as cardiac stimulators. Circuitry of tiie detector of the invention is indqsendent of 
other cncuitry of the medical device. EMI is magnetically induced on an antenna (40) tiiat may be within the metal housing (252) of the 
device (10) in a receiver circuit (40X and the EMI signals are output to die noise detector (66, 68). A variety of alert signals may be 
provided to die medical device circuitiy to warn of the presence of EMI so that appropriate responses may be taken to insue the safeW of 
the patient dependent on the device. The detector may share the telemetry antenna of the medical device, or utUize a separate, dedicated 
antenna to receive EMI. Alternative antwmas external to the metal housing of the medical device include leads from the device to the heart 
of the patient, and a dedicated antenna (260) in the nomnetal header (254) of the device. 
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Pgscription 

Electromagnetic Noisp Deteonr for Implantahle M^^ir^f PfYim 

Technical Fi«.lH 

Tht present invention relates to techniques for detecting electromagnetic fields which may cause 
interference to implantable medical devices, and particularly to methods and apparatus for identiiying 
electromagnetic noise so that appropriate responses can be effected by the implantable devices to avoid 
nudfiinoion thereof caused by the noise. The present unrention finds particular application to implantable 
neuromuscular stimulators and implantable cardiac stimulators such as pacemakers and defibrillators, 
including automatic implantable cardioverter defibrillators (AICD), and provides enhanced noise 
identification for the proper response of such devices when exposed to various sources of interference. 
Background of the Im-iWinn 

The performance of implantable medical devices sometimes suffers due to interference caused by 
electromagnetic nmsc. In implancible pacemakers and defibriUators, for example, such mterference may 
cause die device to openie so as to put the patient's life at risk. Fbr example, demodulated electiDmagnetic 
noise may cause inhiboion of a pacemaker in a pacemaker-dependent patient, or may be recognized as an 
anhydunia by a defibhIUtor. causing it to mappropriately shock die patient. Sources of electromagnetic 
interference (EMI) are aionwn. and cannot always be avoided by patients wifli pacemakers or impkmtsible 
defibrillators, for example. Some examples of such sources of interference are anti-fliefl article 
surveillance devices in stores. ceUular telephones, power transformers, welding equ^ent, and certain 
medical equipmem such as magnetic neunmiuscular stimulators, diafliermy instruments, dectrosurgery 
devices and magnetic resonance imaging (MRI) units. 

Electromagnetic imerference may enter an implantable pacing or defibrillator device eiflier 
directly, appearing on the sensitive electronic circuitry flirough electromagnetic mduction for which die 
typical titanium casing of the device does not provide sufficient shielding, or indirecdy tfirough die 
electrodes or lead.<i to the device, acting as antennae, with high frequency noise bypassing die high 
frequency noise protection circuits by taking erratic padiways. Although pacemaker and defibrillator 
circuits are designed to re)ect unwanted frequencies, it is difficult, if not impossible, to reject mterference 
signals having die same or similar characteristics as the signals produced by the heart. In such cases, even 
specialized noise detection circuitry based on repetition rate discrimination may be fooled by EMI. 

It is therefore advantageous and desirable to provide an independem means for die detection and 
confirmation of the presence of near-field electromagnetic noise m die management of interference 
conditions in implantable cardiac medical devices. The present invention provides such an independent 
means, using a magnetically coupled circuit, for example, for die wideband detection and confirmation 
of near-field electromagnetic noise diat may be induced direcdy or indirecdy into die circuitry of an 
implantable cardiac stimulator, widi die EMI detection and confirmation circuitry of die present invention 
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unrelated to sensing circuitry of the implantable medical device. 

U. S. Patent No. 5,383,912, issued January 24, 1995. and assigned to the assignee of the present 
invention, discloses a method by which an external device communicates to an implantable medical device 
by sending to the antenna of die inq)lantable device electromagnetic energy which is detected by a 
5 non-linear device, such as a diode, and stored as electrostatic energy. After a delay period representing 
data to be communicated, the stored energy is released and transmitted by way of the antenna as 
electromagaetic energy back to the external device. U. S. Patent No. 5,383,912 shows one possible form 
of antrama circuit wifli wMch the present invention may be employed. 

While embodhnents of flje present invention are presented herein in the context of implantable 
10 medical devices such as cardiac stimulators, the term "medical device" as used herein is intended to 
include any type of instrumentation that is hnplantable within a living site; the term "patient" as used 
herein is intended to include any type of living being, both huinan and nonhuman. The present invention 
is tiierefore api^Iicable to any type of mstrumemtion that is inqplantable wifliin any type of living being. 
Disclosure nf the Invenriim 

15 "^Jic present invention prowdra ^liarani^ 

intrafeTHice in an inq)lantable medical device, indqiendent of other circuitry 6f die device, and signaling 
the device of the presence of interference so diat appropriate sdeps may be taken m response. 

An dectTOTiagnetic iiterference detector acconling to ffie pie^ 
may be the antenna utilized by a lelemetiy circuitry of die miedical device, or which may be dedicated to 

20 ENfl reception. In die latter case, die antama of the daector may be a coil wiftin the casing of ^ 

such as a printed coil, a ferrite core coU or an air core cdl, for exan?)le, or the amenna of die detector 
may exteirf beyond die metal case into the plastic header of the medical device so tiiat die antenna is 
exposed to die electtical componoit of die electromagnetic naerference and not just to the magnetic flux 
of the interference inside the case. Anodier alternative atttoma for use by a dnector according to die 

25 present inveirtionB one or. more leads between die m^ 

Signal processing circuitiy is provided to process received and detected interference signals and 
provide a signal to die medical device depending on die presence of interference. The signal processmg 
circuitry may include a direshold detector tiiat selects diose portions of die detected interference signals 
diat are above a designated direshold value and provides a signal to die medical device imlicating whedier 

30 interference above die direshold vahie is present. The signal processiiig circuitry may inchide an 
analog-to-digital converter which converts die detected uMerference signals to digital form and provides 
signals to die medical device indicating the strengdi of interference d^ected. 

The signal processing circuitry may include circuitry for con^aring detected interference witii a 
signal of physiological origin, for example, received by die medical device from die patiem by way of a 

35 lead, such as circuitiy for samplmg die interference and die signal from die lead, for example, threshold 
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detectors for selecting those portions of flie interference and the signal from the lead that are above a 
designated threshold vahie, and a coincidence detector for comparing the portions of the interference and 
die signal from the lead that are above the designated threshold vahie and providing a signal to die medical 
device indicating whether a coincidence exists between the compared portions of the interference and the 
signal from the lead. When used, sanq>ling circuitry may include two anq)lifiers diat sanq)le the 
interference signal and the signal from the lead, respectively, and. whenever a sampled signal circuit is 
used, a timing circuit directs the sampling by the two amplifiers to occur at the same rate and in unison. 

In a mediod of the invention an electromagnetic interference detector is provided that is 
independent of the circuitry of the medical device, faterference signals are received on the antenna of a 
receiver and detected, then processed to provide a signal to the medical device depending on thfc presence 
of interference. The aiitenna may be provjderf as a system;of multiple coils oriented in different directions, 
or as a single coil having turns oriented along t^yo or more different diiections. Processing the-imerfeience 
signals may include conqjaring than to a designated threshold, and ti» step of providiife a s«nal to the 
medical device tiia indicates whether interference above die tiireshold is presentjJlPrbcessing die 
15 interference signals may inchide convertiiig dieai,to.digitM form from analog form; and providing a signal 
to. die medical device diat indicates die strengdi of interference detected. 

Processing die interference, s^n^ ^, providing a signal to die medical device may ihchide 
san?)ling detected interference iuid.sanq>Ui^,iai physiological signal from die patient at die same sanq^qg 
rate and in unison widi die sampling of die interference, con^aring die sampled interference and die 

2 0 saiiq>led physiological signal from die patient widi a designated dueshold vahie and selecting diose portions 

of die sampled interference and die sjgnal. from the patient diat are above die designated Uireshold vahie, 
and comparing die portions of die interference and die physiological signal from die patient diat are above 
die designated threshold value and providing a signal to die medical device indicating whedier a 
coincidence exists between die compared portions of die interference and die physiological signal from die 

25 patient. 

Brief Description of DrawjTipff 

Fig. 1 is a block diagram of an implantable cardiac stimulator incorporating an electranagnetic 
noise detector according to die present invention; Fig. 2 is a block diagram of a preferred embodiment of 
a noise detector according to die present invention, utilizing die telemetiy antemia of an implantable 

30 medical device to detect electromagnetic noise; Fig. 3 is a schematic diagram of anoflier preferred 
embodiment of a noise detector according to die present invention, utilizing a dedicated antenna; Fig. 4 
is a schematic diagram of still anodier embodiment of a noise detector according to die present invention, 
providing fullwave rectification of the EMI signal; Fig. 5 is a schematic diagram of a noise detector 
according to die present invention, showing details of signal processing circuitry; Fig. 6 is a graph of a 

3 5 hypodietical twelve-hour peak EMI exposure profile for a patient having an implantable medical device 
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with a noise detector according to the present invention: Fig. 7 is a flowchart of process steps for use in 
an implantable cardiac stimulator in conjunction with a noise detector according to the present invention;. 
Fig. 8 is an illustration of an antenna system including three coils oriented mutually orthogonally for 
maximum directional noise responsiveness for use as part of a noise detector according to the present 
invention; and Fig. 9 is a side elevation of an implantable medical device, Ulustrating another type of 
independent, dedicated antenna which may be utilized by a noise detector according to the present 
invention. 

Detailed DeSCrintions nf th^ Presently Prp fe rreri Bmhnrfim,^ 

A noise detector according to the presoit inveittion may be utilized m conjunction with any type 
of implantable medical device. mchidiAg, but not limited to, neuromuscular stimulators and cardiac 
stimuhitors, such as pacemakers and defibrillators, and implantable drug deUvery devices, for example. 
To diis end. the preien inveniion is shown in Fig. 1 included in a generic hnplantable cardiac stimulator 
which represents all fonns of such devices, for purposes of iUustration rather tium limitation. Furtiier, the 
noise detector ?6f ; She present invention is indicated uj Fig. 1 schematicaUy only, and is mtended to 
represent fliereio the present invention in genoal^ iis weU as die several preferred embodiments of the 
present invention discussed mote fully below. In Fig. 1 an impbmable cardiac stimulator is shown 
generaUy at 10. and inchides aU of die components of any aibh device. A mioopiocessor and memory 12 
provides control and computational fiidlities for die device lO^-lks weU as memory capability: Memory for 
die device 10 can be provided in whole or in part m a section separate from the microprocessor. Also, it 
win be appreciated dut odier forms of circuitry, such as analog or discrete digital drcuitiy, can be used 
m place of the microprocessor 12. . 

Sensing circurtr>- 14 and stimuhis circuitry 16 are connected to the microprocessor and memory 
12 by lines 18 and 20. respectively. The sensing circuitry 14 may represent amplifier sections for atrial 
sensing and/or ventricular sensing, according to die specific form die device 10 assumes. Likewise, die 
stimuhis circuitry 16 may be of various fonns, depending on die nanire of the device 10. Fbr ei^le. 
if the device 10 is a pacemaker, die stimuhis circuitry 16 may be an atrial pacii« signal geneiator. or may 
be a ventricular pacing signal generator, or may represent botii atrial and ventricular pacmg signal 
generators. If the dexicc 10 is a defibrillator, die stimulus circuitry 16 may include a high voltage 
generator for producing shock signals utilized to defibrillate die heart of die patient. In a combmation 
system including a pacemaker and a defibriUator, die stimuhis circuitry 16 may rqiresent multiple 
g«aierators for producing die various stimulation signals requued to shock or pace die heart, for exan?>le. 

The sensing circuitr>' 14 is shown connected to die heart of die'patient. in whom die device 10 is 
implanted, by a lead s\'.sicm 22 diat ends m one or more electrodes appropriate for die device 10. For 
example, if die device 10 is a dual chamber pacemaker diat senses die condhions m both atrial and 
ventricular chambers, die lead system 22 may inchide two Imes endmg m two electrodes, widi one 
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electrode positioned in an atrial chamber and the other electrode positioned in a ventricular chamber. 
Otherwise, if the device 10 is to sense heart function in only one chamber, the lead system 22 may end 
in a single electrode appropriately positioned relative to the heart. In any event, the sensing circuitry 14 
detects signals in the designated area or areas of the heart by way of the lead system 22 as indicative of 
5 the hean function, amplifies the sensed signals and conveys them to the microprocessor and memory 
section 12 over the line 18. It will be appreciated that heart signal sensors are not the only type of sensors 
utilized by implantable medical devices. Other types of sensors include oxygen sensors, for example, and 
the presem invention may be utilized with medical devices enq>loying such sensors as well. 

The stimulus circuitry 16 is shown connected to the heart of the patient by a lead system 24 that 

10 ends in one or more electrodes appropriate for the device 10. For exanq>le, if the device 10 is a 
defibrillator, the lead system 24 may include multiple leads and hi^ voltage patch electrodes for applyii^ 
shock signals lu die hean. If the device 10 is a combination cardiac stimulator, the lead system 24 may 
represent a defibrillator electrode system as weU as a pacer electrode system. In the event that the device 
10 is a pacemaker, the two lead systems 22 and 24 may be combined to provide electrodes used for bodi 

15 acquiring sensed signals from the heart to .th9 seq^iiig circfuitxy 14 as well as conveyhig pe^i^g signals from - 
the stimulus circuitry 16 to the selected one or more chambers of the heart. Timing circuitry 26 is shown a 
connected to the microprocessor and memoi:3r.sectionl2 by.a line 28.to provide timing signals necessary 
for the operation of die device 10. For example,, the timing ckcuitiy 26 may provide pacing interval Hmtng 
for a pacemaker, and a clock for any other required timipg signals for die operation of the device. Hie line 

20 28 is shown representing a capability for timing signals to be conveyed to the microprocessor 12, and a - , 
capability for triggering signals, for example, to be conveyed from the microprocessor to die tuning 
circuitry. , 

A telemetry section 30 is. connected to the microprocessor and memory 12 by a line 32, and is 
equipped with an antenna 34. The telemetry system 30 may receive information from the microprocessor 

25 12 concerning the functioniiig of the heart as well as the condition of the device 10, for example, by means 
of the line 32, and transmit such information over die antenna 34 to an appropriate receiver outside the 
patient. Also, the telemetry system 30 may receive programming and commands from an attending 
physician, for example, by way of appropriate communication signals received over the antenna 34, and 
convey such information over the line 32 to the microprocessor and memory 12. In this way, various 
^ 30 timing controls and thresholds may be adjusted, for example, to appropriately control the operation and 
responses of the device 10 to meet the needs of the patient. Typically, the telemetr>' antenna 34 takes the 
form of a multi-turn coil inside the housing, or case, of the device 10. 

In practice, EMI that is a concern addressed by the present application may be received by leads 
to the heart such as the lead systems 22 and 24 of the device 10, and conveyed to the circuitry thereof. 

35 Also, EMI may peneo-ate die case containing the device 10, aldiough such case is typically constructed 
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of titanium and hermetically sealed. In particular, such noise invading the case may be magneticaUy 
induced on the coil antenna 34, for example, and thereby introduced into the circuitry of the device 10. 
The present invention provides a technique for detecting such EMI tiiat may be impressed on the circuitry 
of the device 10 regardless of the avenue by which die noise has reached die circuitry, and for identifying 
die noise as such to die device which can dien respond so as to not endanger or unnecessarily stress the 
patient. A noise detector accordutg to die present invention is shown in 15 Fig. 1 to include an EMI 
detection section 36, coupled to die microprocessor and memory 12 by a line 38, and equipped wifli an 
antenna 40. Details of die construction and operation of noise detectors according to die present invention 
aie provided below. Li general, die detector ciicuitiy 36 in Fig. 1 teceives EMI by means of die antenna 
40. As explained more fully below, die antenna 40 of die noise detector may be die same as die amenna 
34 of die telemetry section or may be a separate, dedicated antenna, ormay be a lead m one or die odier 
of die lead systems 22 or 24. However, beyond such antenna provisions, die drcuitiy of a noise detector 
of dMprescm invemion functkns uxlqiendendy of odier circuitry of die implantable medical device widi 
which die noise detector is used, and particularly is mdependent of die circuitry of die medical device used 
to dtiect and process sensed signals fi^ die patieitt* whedier such signals are lAysiological, diat is, dot 
relate to physiological fimctions of die patient, or nohphysiological signals, such as signals iiidicadng 
movement by the patient . . no. .., . : 

In one form of a preferred embodunent of die pres^iit' invention die antenna of an hnplan^le 
medical device dm is used for communications and telemetry is also used as part of a circuk to detect die 
presence of electiromagnetic fields that may cause die device to malfimction, or diat may adversely 
mfluence die behavior of die device. In particuhu-, die circuit associated widi die telemetry coil antenna 
is enhanced to enable die detection of wideband electromagnetic Signals, such as widi components m a 
range from 0.5 HZ to 2 GHZ. even of relatively low level. In die event diat electiximagnetic noise signals 
are induced in die telemetry antenna, dicy are detected and appropriately processed, resulting m die 
generation of a warning signal to alert die microprocessor of die presence of EMI, for example', Sudi EMI 
processmg may include, but is not limited to. amplification, filtering, demodulation, integration and 
counting, for example. Fig. 2 is a block diagram of a form of telemetry circuitry, and of an embodunent 
of noise detection and processing circuitry accordmg to die present mvention; all shown generally at 50, 
for use in an implantable medical device such as a cardiac stimulator, for exanqile. It is understood, 
however, that a noise detector accordmg to die present mvention may utilize any appropriate form of 
receiver curcuit. and any appropriate form of antenna. Telemetry circuitry and Hoist detection circuitry, 
according to die present invention, shown generally at 50 m Fig. 2 inchide an antenna circuit comprismg 
die multitum coil antenna 52 of die cardiac stimulator as described above, a capacitor 54, and a diode 56. 
A switch 58 is positioned in paraUel widi die diode 56, and is associated witii a switch control circuit 60 
diat selectively closes die switch to effect transmission of data ftom die cardiac stimuhuor over die antenna 
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52 to outside the body of the patient. A connection 62 extends from the junction between the capacitor 54 
and the diode 56 in parallel with the switch 60, to a pulse receiver 64 of the telanetry and communication 
circuit as well as an amplifier 66 in the noise detection section of the circuit 50. The output from the 
amplifier 66 is conununicated to signal processing circuitry 68, and the processed signals from fliat 
5 circuitry are communicated to decision circuitry 70, Output from die pulse receiver 64 is communicated 
to a decoder 72, which has an output connected to a transmitter conorol logic circuit 74. Tlie ou^ut from 
the logic circuit 74 signals the switch control circuit 60. The noise detection section of the cardiac 
stimulator circuitry comprises circuits 66-70, and shares the use of die antenna circuit, coin)rising parts 
52-56, with the remainder of the telemetry and communication section comprising circuits 60, 64, 72 and 

10 74, but is otherwise independent of the telemetry and communication section in construction and function. 

The operation^pf the antenna circuit 52,-56, .with the switch 58, in the receipt of communications 
to the cardiac stimulator, and in die, transmission of data.from the cardiac stunulator, is disciissed m U. 
S. Patent No. 5,383,912. In that context, communication between the cardiac stimidatdr axki ah^xtemal 
receiver/transinitter., through the . antenna . cir)qu[it,.52-:56i rand) the^ switch . 58 is by = way pulses of 

15 electromagnetic energy. The telemeoy. andxcmmu^ Fig. 2, 

communicates widi addition^ circuitry of the hnplantable device, such as sensing and stimulus circuitry 
14 and 16, respectively, and a microprocessor such as 12, as shown in Fig. 1, for exanq>le, sending data 
to die additional circuitry at 76.ar^ rw^ciyjn&tiata therefrom at 78 in Fig. 2. 

Widi the switch 58 open, electromagnetic energy pulses from an external transmitter are received 

20 by die antenna coil 52. The resulting transient electric current produced in die antenna 52 is converted with 
die use of die diode 56 as a npn-linegr component to a non-zero average elecnric current which charges 
die capacitor 54 widi electtpstotiQ energy . The receipt of die electromagnetic pulses is sensed by the pulse 
receiver 64 by means of an analog signal along line 62. Upon detection of die receipt of an electromagnetic 
pulse, die pulse receiver 64 communicates a binary pulse to the decoder 72. The mcoming pulse signals 

25 to die antenna 52 from an external ttansmitter may be in die form of pulse trains diat are pulse-position 
modulated. The decoder ttacks the timing of the pulses and communicates binary signals as data out to die 
microprocessor and odier circuitry of the cardiac stimulator at 76. 

The cardiac stimulator generates selected information signals in binary form regarding die 
condition and functioning of die heart of die patient, and die condition of die device itself, and conveys 

30 diese signals as data 78 to die transmitter control logic circuit 74. An output from die decoder circuit 72 
provides information of die timing of the incoming pulse signals from die external transmitter to the logic 
circuit 74 so that die transmission of signal pulses by die cardiac stimulator to the external receiver may 
be appropriately coorjdinated widi die incoming pulse timing. The time-placement of die signal pulses to 
be transmitted by die cardiac stimulator, widi die incoming pulses, carries die data regarding die condition 

35 and functioning of die patient heart and of die cardiac stimulator to die external receiver. The logic circuit 
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74 sends a pulse to the switch control circuit 60 each time an electromagnetic pulse is to be transmitted 
over the antenna 52 to the external receiver, and the control circuit closes switch 58 in response for the 
time dictated by the signal from the logic circuit. Closing the switch 58 allows a discharge of die energy 
Stored in the capacitor 54 by the original pulse or pulses sent to the antenna 52 from the external 
transmitter, with the result that current flows through the antenna for the time required to produce an 
electromagnetic pulse according to the pulse conveyed by the logic circuit 74. In tfiis way, the cardiac 
stimulator uses energy received from an external transmitter for the production of electromagnetic signals 
transmitted by the cardiac stimulator to an external receiver. In addition to die electromagnetic signals 
from the, external transmitter, EMI may be mduced on die antenna 52 and communicated to die pulse 
recewer 64. diere to confiise die information pulse train signals, or to be interpreted as possible command 
signals, for. exanq)le. - • 

By furUicr processing die signals received on die antenna 52 from die external transmitter and 
detected, it is possible to detect die presence of EMI and also maintam die fiiU fimctionalhy of die 
telemetry system. The same signals induced on the coU antenna 52 that are communicated flirough die 
diode 56 to die pulse njcdver 64,aie also communicated t<i flfc 

antenna section 52-56 are amplified at 66, and die amplified signals selecthrely processed at 68 to detect 
any EMI presem. A decision is made at 70 based on die pr«ieiioe and sttengdi of EMI, and an appropriate 
signal is communicated at 80 to die microprocessor of die'i%liiiable device. The processing and handling 
of signals as at 68 and 70 are discussed in deiail below. • 

Aldwugh a particular type of telemetry and communication section is presented hetem for purposes 
of ilhistration only, a noise detector accordmg to die present mvention may be employed widi any type of 
telemetry system consistent widi die requmemaits of an inq)lantible medical d^ 

Anodier preferred embodiment of a noise detector accordmg to die present mvention utilizes an antenna 
separate from die telemetry antenna of die miplantable medical device in which die noise detector is 
employed. A detection circuit using one or more zero-bias Schotflcy detector diodes, such as diodes in die 
HSMS-285X Series of Hewlett-Packard Company, performs detection of wideband electromagnetic noise 
signals widi vimially no power consumption from die power source of die implantable device. Fig. 3 
iUustrates such a noise detector, shown generally at 90, mchiding a wideband antenna circuit, comprising 
a dedicated coil antenna 92 and a capacitor 94. and an impedance-matching network! The antenna 92 is 
a multitum, minianire coil which can be printed by lidiographic techniques, for example, on one of die 
wiring layers of die ceramic substrate on which circuitry of die hnplantable medkal device is constructed. 

■ A micro-strip transmission line 96 of die impedance-matching network is in paraUel witii die coil 
antenna 92 and die capacitor 94, and an inductor 98 is connected to die junction of diose diree 
components. A second micro-strip transmission line 100 is connected to die odier end of the inductor 98. 
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and a zero-bias Sdiotiky diode 102, sudi as HSMS-2850, is connected to this latter transmission line. An 
integrating capacitor 104 is connected between the output 106 of the diode 102 and ground. The 
impedance-matching network comprises parts 96-102. Output 106 from the circuit 90 is communicated 
to processing circuitry, as discussed below, for determining the nature of the EMI signals and signaling 
die microprocessor of the implantable medical device accordingly. The network 96-102, along widi the 
antenna circuit 92,94, can be tuned to vary the frequency response of the detector 90, particularly by 
selecting the capacitor 94, the inductor 98, and die two transmission lines 96 and 100. For exanq)le, the 
circuit 90 may be tuned to have high sensitivhy at specific frequencies, such as die frequency range at 
which digital ceUular phones operate. Also, variation of the frequenqr response ahers the bandwidth widun 
which the detector 90 is effective. 

In general, wideband EMI detectors such as the detector 90 of Fig. 3 may be constructed to take 
advantage of die high detection sensitivity of zero-bias Schotd^ diodes. Specifications and lises of die 
HSMS-285X Series of diodes, including power transfer and communications methods; are reported in 
"Surfece Mount Zero Bias Schottky Detector Diodes> Technical Data" publication #J963-2333E of 
Hewlett-Packard Company, 1994, which.discloses die following detection sensitivities for didse diodes: 
40mV/MWat915MHz; 
30my/A4Wat2.45;jS5iz,and 
15 22 mV//iW.at^i8(K}Hz. 

Fig. 4 shows a d^ector curcuit 110 for use in an implantable medical device, mcluding a tuned 
antenna circuit 112 having an antenna of any type, and an inqsedance-matching network 1 14. Ouq>ut from 
die network 1 14 is communicated to a fiiUwave rectifier, comprising two zero-bias Schottkj' diodes 116 
and 118, such as HSMS-2852 diodes. The rectifier 116,118 is followed by an integrating capacitor 120. 
Output from die detector 1 10 is communicated at 122 for fimher processing. Where e3q)osure of zero-bias 
Schottky diodes to very high RF fields may cause power coupling into die Schottlgr diode rectifier, such 
power coupling may be prevented by use of a PIN diode pair such as a HSMS-3822. 

Signal processing circuitry for an EMI detector according to the present invention may implement 
a number of different functions. Fig.5 shows a noise detector according to die present invention with signal 
processing circuitry, and sensing circuitry of an associated implantable cardiac stimulator, for example, 
all shown generally at 130, for providing several options to the cardiac stimulator for utilizing detected 
EMI signals from die noise detector. 

An electromagnetic signal receiver is indicated in Fig. 5 within the dashed-line border 132, and 
includes a coil antenna 134, a storage capacitor 136, a detector diode 138 and a resistor 140, A signal 
rectified by the diode 138 is demodulated by die low pass filter formed by die capacitor 136 and die 
resistor 140, and is output to an amplifier 142. The resistance 140 could be die ii^ut impedance of die 
amplifier 142. The signal processing circuitry illustrated in Fig. 5 could be utilized widi any type of 
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electromagnedc signal receiver, using the telemetiy antenna of the implantable device or another antenna 
of any suitable type, and the signal receiver 132 is representative of any type of such circuit. 

The rectified and demodulated noise signal is amplified by the amplifier 142 and appropriately 
filtered at 144. In one type of signal processing the output of the filter 144 is used by decision circuitry 
146 comprising a comparator and logic latching circuitry to determine whetfier the detected 
electromagnetic field exceeds a certain programmable threshold level. The threshold detector 146 may 
measure the noise signal anq[)litude, duration, repetition rate, ftequency, or any other feature of the signal. 
As used herein, therefore, tiie terms "lever, "threshold level" and "threshold value" are understood to 
refer to any feature of a signal, and a tbre^old detector such as 146 compares sudi a feature of die signal 
input thereto to a designated level, or quantity, etc., of tiie feature. The threshold detector 146 generates 
an "EMI present" flag at 148 to die microprocessor of the implantable device whenever the tiireshold is 
exceeded. The presence of such an electromagnetic field iiiay also be causing die sensing circuitry of the 
in?>lantable device to be <9)erating mcorrecfly. The microprocessor is alerted by die "EMI present" flag 
of this possibility, and can then take ^ropriate steps to insure the safety of the patient. The direshoW 
detector 146 receives die tiireshold level setting and a latch reset signal fi-om the micmprocessor at 150 
and 152, respectively. 

The analog signal ou^t firom die filter 144 may also be processwi to aUow die microprocessor 
to quantify die strengdi of die EMI field, and to construct a log, or profile, of die expc^e of die 10 
implantable device to EMI over a selected time period, for example. The filtered signal is communicated 
to an analog-to-digita? converter 154 whose digital ouq)ut signal is communicated to die microprocessor 
as EM! presence and strengdi data, to be collected and stored, as a function of time , The accumuMion of 
such stored data may be conducted over a selected time period, sudi as a day, for example. The stored 
data may tiien be downloaded on command from die implantable medical device to an external receiver 
by way of die telemetry system of die implantable device as a profile of peak exposure to EMI diroughoiit 
the selected time period, widi die data parceled in short time periods, such as of fifteen minutes each, for 
example. 

Fig. 6 illustrates such a profile of EMI experience for a hypodietical case, including peak exposure 
readings every fifteen minutes for a twelve hour period. The exposure data may be provided as average 
EMI values over each fifteen minute measuring period, or as peak EMI vahies over each such measuring 
period. Such an EMI exposure profile would provide die physician treating die patient who is die recipient 
of die implantable device widi valuable information for programming die sensir^g and response paranwters 
of the implantable device, for example. Furdier, correlating die time scale of die profde witii actual 
behavior of die patient during die selected data gatiiering time period would provide information about 
areas or activities that should be avoided during die patient's daily life. 

An EMI txposmt profile such as shown in Fig . 6 may also be used in conjunction widi a patient 
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activity proffle constructed from actual measurements of the activity. For example, the in^)lantable medical 
device with which the detector of the present invention is used may include an accelerometer which senses 
movements by the patient and provides data signals accordingly. Processing the accelerometer data signals 
can provide an activity time profile, say for the same time period as an EMI exposure profile as shown 
in Fig. 6 is obtained for die same patient. Additionally, various physiological parameters of the patient, 
such as heart beat, blood pressure, oxygen consumption, etc. may be sensed over the same time period 
and graphs obtained similar to the EMI exposure profile and die patient activity profile, for example. In 
this way. valuable information relative to tiie patient's healtii and exposure to possible danger may be 
obtained and studied toward treating the patient and/or reducmg the patient's exposure to dangerous 
circumstances. , . 

Another variation in die formation and.use^pf an EMI exposure profile such as illustrated in Fig. 
6, as well as profiles of measured patient activity and physiological parameters, for exai^le, involves 
recording the data on ^ch such a profile is constmcted only upon die occurrence of soinfe* Reified 
event. For example, the EMI pe^ infpnnatiqn obtained iVWfli Aa of die ouqjut 156 of the A/D 
converter 154 can be free running in general, and frpzeni or saved^only when some evcHt occurs, such^ : 
as die EMI strei^ exceeding a selected dureshold. Then, die microprocessor can save the EMI data for 
die next twelve hours, for exawph, and cpfist^qt a profile fliat is expressible as a graph as shown m Fig. • 
6, for exanq>le. 

Alternatively. EMI data from the output 156 can be saved continuously, and, after startup, every 
twelve hours the data for die twelve hour period begmning twenty-four hours ago and ending twehre hours 
ago erased. Then, whpn a triggering event occurs, such as EMI exceedu^g die selected threshold value, 
EMI d^ for the twelve hour time penod immediately preceding die event can be saved along widi data ' 
for die next twelve hour period following die event and presented as a twenty-four hour EMI exposure 
profile, for exan^le. Profiles of patient activity and odier parameters for die same time periods may be 
obtained as discussed above for comparison and analysis in conjunction widi die use of EMI exposure 
profiles. Variations of such save-and record profile patterns can be utilized widi noise detectors accordmg 
to the present invention. 

Odier events which may be utilized to trigger collecting EMI exposure data and constructing an 
exposure profile, for example, would include die occurrence of a specified number of EMI signals above 
a selected direshold witiiin a given period of time. For exaiiy)le, if die patient experiences exposure to EMI 
signals above a designated level ten times in a twenty minute period, die save-and-record profile process 
might be triggered. The triggering signal may be initiated by the behavior of some odier parameter, 
including a physiological parameter of die patient, such as a rise in blood pressure above a specified value. 
The patient may also choose to initiate saving and collecting EMI exposure data into a profile as graphed 
in Fig. 6, for example. U. S. Patent No. 5,304,206, issued April 19, 1994. discloses an implantable 
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neurostimulator that can be initiated manually by the patient applying selected pressure to the i^^)lanted 
device. 

StUl another implmientation of the signal processing circuitry of an EMI detector according to the 
present invention involves the use of a coincidence detector to constantly monitor for coincidence of sensed 
5 events with those coming from the EMI detector. In Fig. 5 a sensing lead 158 extends from a bandpass 
filter 160 to the patient's heart to acquire heart signals, such as atrial sense signals, for example. The lead 
158 may also convey sensed signals to sensu« drcuitiy (not 

above m connection with Fig. 1, for txaraple. Tht otstput from die filter 160 is communicated to an 
mspWer 162. The anq)lified EMI signal from the amplifier 142 is communicated to another amplifier 164. 

10 The analog signals input to the two an5)lifiers 162 and 164 are suitable amplified by the respective 
amplifiers. The amplifier curcuits 162 and )64 may also include signal filtering circuitry. Also, die 
amplifiers 162 and 164 may be linear amplifiers with filters, or they may be switctod-capacitor amplifiers, 
for example. If saiupled signal amplifiers or filters are used, die samplmg rate is deteimined by a common 
timing signal from a common timing circuit 166 to iiiMre diat bbdi amplifieii are sampling at the same 

15 rate and in unison. 

The signal output from die anq>Iifier 164 is communicated to a phase delay circuit 168 which sbifis 
die phase of die signal to cancel d» effect of any prior phaie shifting experienced by die detected EMI, 
sudi as due to low pass filtering in die receiver ckcuit 132, fb^ e 

The ou^ut signals from die aii5)lifier 162 and die phase delay circuit 168 are communicated to 

2 0 sense and direshold detector curcuits 170 and 172, respecthrely . In each of die circuits 170 and 172 die 

input signal is rectified and compared to die same pred^miiin^, programmable direshold, utilizmg a 
convatator. The feature of die signals con?>ared to a dureshold in the detectors 170 and 172 may be any 
signal feature, as discussed above in connection widi die direshold detector 146. Those portions of die 
signals dbo\e die threshold level are output from die detector cfrcuit 170 to one input of a coincidence 
25 detector 174, and from die detector circuit 172 to anodier uqjut of diie sam^ coincidence detector. The 
coincidence detector 174 conqmres same-time signal samples, for example, from die detected EMI and 
die sensed signals obtained by way of die lead 158 to determine whedier diese two signals exhibit 
coincidwice. If coincidence is noted between die EMI signal and die sensed signal from die lead 158, for 
example, the couicidence detector 174 communicates a signal to a coincidence counter 176. The output 

3 0 signal from the coincidence detector 174 to die counter 176 mdicates die presence of comcidence detected 

between die two input signals from die detectors 170 and 172. The counter 176 determines die rate at 
which die presence of coincidences are signaled to it by die detector 174, as well as die duration of each 
such coincidence. WHen die counter 176 determines diat a coincidence exists between die detected EMI 
and die sensed signal from die lead 158, eidier in duration beyond a ^ified dureshold time period, or 
35 in repetition rate, die counter produces a coincidence flag signal at 178 to die microprocessor of die 
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medical device. The counter 176 receives the threshold time, or rq)etition rate, setting and a latch reset 
signal from the microprocessor at 180 and 182, respectively. 

The nature of the sensor associated with the lead 158 in Fig. 5 will depend on the type of 
implantable medical device with which the noise detector ciicuitiy of Fig 5 is utilized. In general, any type 
5 of patient parameter, whether physiological or not, may be mseoded to be sensed by way of the lead 158, 
sudi as patient movonent, blood pressure, etc. Regaidiess of the nature of the parameter to be sensed by 
the sensor associated with the lead 158 in Fig. 5, the actual signal conveyed by that lead to the filter 160 
may be anywhere from 0% noise to 100% noise. In the latter case, of course, die signal does not include 
any patient parameter information, there having bem no patient-related event to sense, either physiological 

10 or not, and tfic signal on die lead will most litely exhibit comcidence with the EMI signal conveyed to the 
amplifier 164, for example. However, even if the signal to die filter 160 is only partially noise, 
coincidence with the detected EMI may be detected at 174. 

The various signal processing modes for utilizing detected EMI in an inq>lantable medical device 
employing a noise detector according to the present-invention, as discussed above in conjunction widi Figs. 

15 5 and 6, for example, may be e3q>loited in various ways by die inq)lantable device. Fig. 7 illustrates one 
such method, indicated ge^rally at 200, of exploiting the information obtamed and forwarded to die 
micrc5)rpccssor of an implantable mfsdicd ^^j^loB from an EMI detector as shown m Fig. 5, for exanq)le. 

In the method 200 of Fig. 7 t|ie n^croprocessor of a dmiand pacemaker, for exanq)le, responds 
to die message that EMI has been detected in the same manner diat it would respond if it sensed tiiat die 

2 0 heart of the patient has failed to perform an expected event, diat is, by producmg a pacing signal to pump 
die chamber in which heart signals are bQing sensed, for exanqile. Upon die start 210 of die illustrated 
process 200 die nucroprocessor mtiates an esc^ interval at 212, diat is, a time interval during which die 
pacemaker w^ts fpr.die heart to perform an event, such as producing a pacing signal, for die paconaker 
to sense and during which die pacemaker will not send a pacing signal to die heart. At 214 die pacemaker 

2 5 waits for die escape interval to expire, or the pacemaker to sense an event at the heart, whichever occurs 

first. 

The microprocessor inquires at 216 whether a heart event was sensed by die expiration of die 
escape interval. If die answer is affirmative, die microprocessor proceeds from 216 to determine at 218 
whedier it has received an "EMI present" flag, or an EMI coincidence flag, for example, from die noise 
^30 detector of die present invention during the time period since die start of die escape interval at 212. If no 
indication of EMI was received during dm time, die microprocessor starts a refractory time period at 220, 
usually of a few millisecond duration, during which die pacemaker is blind to any heart activity. The 
microprocessor waits for die expiration of die refractory period at 222. A new escape time interval is 
initiated at die end of die refractory period at 224, and die process renims to step 214 to continue. As an 

3 5 alternative, the new escape interval may be started widi die start of die refractory period at 220, provided 
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the new escape time interval is extended by an amount equal to die laigdi of die refractory time period . 

If, at 216, die microprocessor determines diat the paconaker has not sensed a heart event by the 
expiration of the current esc^ interval, diis circumstance is taken to mean die patient needs assistance 
so fliat die process proceeds to 226 wherein die pacemater generates a single pulse to stimulate die heart. 
The process dien moves to 220 to start a refractory period as discussed above, followed by die steps 222 
and 224, wifli a subsequent return to 214 to continue die process. Again, if die pacemaker has not timely 
sensed a heart event as mquired at 216, a single stimulus pulse will be generated and transmitted to die 
heart at 226. Such single pulses will continue to be provided to die heart as long as step 216 is reached 
widMUt a heart event beiiig sensed duxing die dien-current esc^ mterval. This is die normal response of 
die pacemater in question to a foOure of die heart to maintam a proper riiydmi of self-generated stimulus 
signals in die chainber at which die sensii^ electrode is'atuated. 

As die process diagram 200 shows, whenever a heart event is not timely sensed, die 
microprocessor wiU cause die pacemaker to provide a stimuhis pulse to die heart at ^ 
220-224, widiout hiquhrmg at 218 wheflier EMI has bem detected. As lohg as die heart is lowing die 
need for assistance m die form of a stimuhis signal, diis noiihal c^ of die pacemaker wffl be 
foUowed, regardless of die presence m die paconaker of EMI; consequenlfy, tmdisr such circumstances 
nomquiryneedbemader^atda^die piiesfatKje'df^.li^^ dfbcpaoaa^liasKC^edzseost 
signal mdicating die timely graeradon of a heart signal by die he^ itsdtf, mquiry is made at 2l8 tegaidmg 
die presence of EMI. Th«i, if EMI is not present, a conchision is reached diat die pacemaker is 
functioning properly and die sensed signal is a true indication of die occurrence of die heart event. 
However, if EMI is daennmed at 218 to be present, die microprocessor cannot know \i1iedier die signal 
sensed by die pacemaker was actually die resuh of a heart event or die result of EMI m die pacemaker 
electronics. As noted above, a sensed signal may nichide anywhere from 0% nmse to 100% noise, and 
not inchide any signal sensed as a result of an actual heart event. Therefore, if EMi is detemunnl at 218 
to be presoit, die pacamaker proceeds as if die patient needed assistance. The pacemaker waits at 228 for 
die current escape time uiterval to be completed, if it has not yet been completed (since die microprocessor 
arrived at step 218 only because a sense signal was detected at 216 to have been received by or before die 
expiration of die escqie interval), and generates a stimulus pulse at 226 foltowed by steps 220-224. etc. 

The process steps 200 of Rg. 7 are only one exan^jle of utilization of a noise detector according 
to die present mvention. Processes for odier and more st^histicated nnplantable devices, utQizmg noise 
detectors according to die present invention, are equally possible. Likewise, such processes may be 
provided in conjunction widi any of die various techniques for processing die EMI signals, sudi as 
discussed 5 in connection with Fig. 5, for example. The inquiry 218 in die process 200 as detaUed in Fig. 
7 may utilize an "EMI present" flag 148 as iUustrated m Fig. 5, so diat die presence of EMI above die 
selected dweshold level set at 150 determines whedier reversion to a specified cs,;noise mode" by die 
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paceraaker is appropriate. Also, the detection of a 10 coincidence, or multiple coincidences, or 
coincidences above a certain time rate, at 178 in Fig. 5, for exanq>le, may be used to trigger the reversion 
to the specified "noise mode". Such a "noise mode" might be "VOO", that is, ventricular stimulation, no 
atrial or ventricular sensing, and no atrial or ventricular inhibition or triggering, to achieve asynchronous 
5 ventricular pacing at a known rate, for exanq>le. 

If die signal processing circuitry of a noise detector accordmg to the present invention determines 
tiiat a coincidence exists between sensed signals coming from ttie heart sensor lead of die implantable 
medical device, and END as detected by die noise dttector, whedier die coincidence is in time or ftequency 
of die signals in question, die implantable device will not rely on the sensed signals as 'tnd\r^tme actual 

1 0 heart events, and will provide safiety pulses as described above until die circuitry determines fliat sudi a 
coincidence no longer exists. The detection of EMI in.an in^jlantable device showing die same frequency 
profile as sensed hean events is an indication diat die sensed heart signals are most probably &lse, and due 
to interference from the noise rather than actual heart events. Coi^equendy, such: a comcidence is 
interpreted as indicating EMI induced confusion of die.sensii^.^ciia^^ wluch can ttttarefoiie not be relied 

15 on to reflect die true condition of the heart, and reversion to a ^ecifiied ''noise mode" is carried out to 
insure the well-being of the patient. 

As shown in Fig. 5, botii "EMI pre^r and EMI,cqmcidence signal processmg may be utilized ^ 
in the same implantable cardiac stimulator, fpr example, with the stimulator safety pacing the patient's 
heart, for example, in response to a positive result for either type of processing of detected EMI signals. 

20 At the same time, a peak EMI exposure profile may also be obtained for the patient. 

As noted above, the present mvention may utilize various antenna configurations. EMI may 
penetrate die metal case of an implantable device by magnetic flux interaction widi the circuitry, including 
whatever internal antenna may be utilized by die noise detector, for example. If die noise detector uses 
an internal coil antenna, the ability of the antenna to receive induced EMI may depend, to some extent, 

,25 on die orientation of the coil of die antenna, widi die response of die antenna being greatest when die plane 
along which die ttims of the coil are positioned is perpendicular to die direction of the changing magnetic- 
flux of the EMI. The response of an internal coil antenna of a noise detector may be maximized by 
providing coil turns diat are effectively located in all possible plane orientations. This effect can be 
accomplished by using a diree-dimensional coil antenna construction, for exan^lc. 

,30 A three-dimensional coil antenna system for use in a noise detector according to the present 

invention is shown schematically generally at 230 in Fig. 8. The antenna system 230 includes three 
multinim coils 232. 234 and 236, wound on separate ferrite cores 238, 240 and 242, respectively. The 
coils 232, 234 and 236 are oriented such diat a plane defined by die mms of each coil is perpendicular to 
die direction of a different axis of an ordipgonal axis system XYZ. Thus, coil 232 is perpendicular to die 

35 X axis, coil 234 is perpendicular to die Y axis, and coil 236 is perpendicular to die Z axis. Each coil is 
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thus oriented to have maxmrnm exposure to magnetic flux changes in one of the three orthogonal axis 
directions. Funhcr. the ferrite cores 238, 240 and 242 enhance the signal induction on the respective coils 
due to exposure to changing magnetic flux, although the coils could be air cored. 

The combination of the three coils acting as a single antenna, or providing receded signals to three 
corresponding antenna circuits whose output is then combined, provides exposure to magnetic flux change 
induction in all directions. The coils 232. 234 and 236 feature lead lines 244, 246 and 248. respectively, 
to separate receiver circuits, for example. Alternatively, the three coils 232, 234 and 236 may be 
connected in parallel, and combined to provide the cofl antenna 134 in Fig. 5, for example. Thus, the 
orthogonal coil antennas can be combined to provide a siiigle, all-directional noise antenna, either by 
comiecting'the antenna leads togeflicr, or by joining the received si^ from the separate coils in the 
noise detedor circuitr>'. for example. 

The coib 232. 234 and 236 of the antenn;i ^stm 230 may be positioned wifliin the case of an 
implantable medical dev ice at different locations, or at the same location where possible, for example. The 
cross-sectional area of the different coils may not be the same. For ecaiiipte. a coil oriented in the general 
plane of the rislativeb flat case of the inipla^itiblc deVice niiay have a relatively large cross section 
compared to die cross sections of the btiier two coils. The responsivenes of the coils to mduced noise 
rignals may be equalized by appropriate variation m flie ie^pective dradlry for the Aree coils, or hy 
varying die number of turns in the diffensnt coils, it beii^ i^oed 'that die response of a ooO to magnetic 
flux changfcs increases for an increase in tiie number of turns of the coU. 

Two of the three coils 232-236 may be wound on a suigle fsrrite core. For two such coils 232 and 
234. for example, die core is generaUy m die form of a cross, which may be considered as formed by 
combmiiig die two cores 238 and 240. 

Anotiier possible medMd for detecting die magnetic component of EMI is to use a solid state sensor 
capable of producing an electrical signal proportional to a time-varying magnetic field. The use of one such 
sensor is described in concurrently-filed U. S. Patent Application Serial No. 08/475,491 tided AniaoQis 
and Mgtho<1 for the Control of an lmnlanh.hi>. Mprfir-^i p p yi rr That sq)pUcation discloses a giant magneto 
resistance ratio (GMR) sensor, widiin an implantable device's circuitry, tiiat responds to the magnetic 
component of low frequency( < 100 MHZ) EMI fields. The antemia, rectification and fihering fimctions 
of a noise detector according to die present invention, as presented m any of die embodiments herein, for 
example, may thus be provided by a GMR sensor diat is appropriately excited, and die signal of which 
is ^propriately conditioned (for example, anq)lified and filtered) and demodulated. 

An antenna outside die metal case of an implantable device can receive END widiout relying on 
magnetic flux induction, and dierefore without needing a coil construction. The M electromagnetic signal 
may interact with such an antenna, which can therefore be Imear. A noise detector according to die present 
invention can utilize an antenna external to die metal case of die associated in^lantable device. For 
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.exaiiq[)le« one or more lead lines between the implantable medical device and the patient's heart or other 
body area may be used as an antenna for a noise detector. Such leads are shown as 22 and 24 in Fig. 1, 
and as an 158 in Fig. S. To use a heart lead line as an antenna for a noise detector, for example, the lead 
line is connected to the receiver circuit 132 of Fig. S, for ewaplt, through a filter to select out EMI from 
5 heart stimulus signals in die case of a stimulus lead line, or from heart sense signals in the case of a sensing 
lead, for exanq)le. To avoid the necessity of distinguishing EMI from the stimulus or sense signals, a 
sq)arate. dedicated external antenna may be utilized for the noise detector. 

Fig. 9 shows an implantable medical device 250, having a metal case to house the circuitry of the 
device, including circuitry of a noise detector according to the present invention, and a plastic header 254. 

10 The header 254 feanires two eloiigate bores 256 and 258 that receive the leads to and from the heart, for 
example. Connectors (not shown) are provided adjacent the bores 256 and 258 such that insertion and 
seating of a lead in either of the bores causes electrical contact between the lead and 0ie a^rqpriate circuit 
within the case 252. The stimulus and sensing leads (not shown) of a cardiac stimulator, for-exanqile, are 
thus connected to the circuitry of the device. 

15 The header 254 has imbedded in it a conductive^ niem]^^ aii antenna 260 which emerges from 

within the case 252 and extends along the tq> of the header, above the bores 256 and 258, as viewed in . 
Fig. 9. Within the case 252 the antenna 260 may. be. connected into an antenna chcuit such as 132 in Fig. ^ 
5, for example, in place of the poil 134. A separate coil may be added to the antenna loop of the circuit 
132 to allow the circuit to be tuned. Alternatively, the antenna 260 may take the form of an elongate coil 

20 extending through the header generally as illustrated, or a short coil positioned within the end of the 
header. Further, a three-dimensional coil such as the antenna system 230 of Fig. 8, or a two-dimensional 
version thereof, may be positioned within the header 254 in place of the elongate antenna 260, for , 
example. 

From the disclosure herein it will be understood that the antenna utilized with a noise detector 
25 according to the present invention may take a variety of forms, including one or more conductive coils,, 
or a generaUy linear conductive member, for example, and be located either within or outside of the metal 
case of the implantable medical device with which the noise detector is utilized. The antenna used by the 
noise detector may be shared with telemetry of the medical device, may be a lead of the medical device, 
or may be dedicated to use by the noise detector. Further, the noise detector may utilize a combination of 
..30 such types of antennas to receive EMI. Additionally, the present invention provides a noise detector that 
is independent of other circuitry of the implantable medical device. In particular, the noise detector detects 
and processes EMI independently of the circuitry used by the implantable device to detect and process 
sensed signals from the patient, either physiological or nonphysiological. 
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Claims 



What is claimed is: 



1 . An electromagnetic interference detector for use in a medical device (10) that is implantable within a 
patient, con^rising: 

a. a receiver (36) whereby electromagnetic interfetaice signals are received; 

b. an antenna (40) as part of die receiver and on which die interference signals are received; 

c. a signal detector (66, 6S) diat detects die presence of die received interference signals, die 
detector being independent of any ofiier drciiitry of die implantable medical device; and 

d. signal piocessiiig cinaiitiy (70. 80) diat provides at least one signal to die implantable medical 
device dBt depends on die presence of electromagnetic mterfcrence. 

2. An interference, detector as defined m Claim 1 wherein die antenna is dedicated to die reception of 
electroinagnetic.interference. 

3. An interference detector as defined m Claim 1 wherein die medical device inchides a telemetiy circuit 
diat communicates by utiliziiig the ammta. .>: 

4. An interference detector as defined in Claim 3 wherein die antenna COTiprises a coil. 

5. An interference detector as defined in Claim 1 wherein die medical device indudes a metal case housing 
circuitry of the interference detector, and die antenna comprises a tonductive member extending outside 
the metal case. 

6. An interference detector as defined in Claim 1 wherem die antenna comprises a coU. 

7. An interference detector as defined in Claim 1 wherein die medical device has least one electrical lead, 
and die antenna comprises one such electrical lead. 

8. An interference detector as defined in Claim 1 wherein die signal processing circuitry comprises 
circuitiy dm compares detected interference wifli a signal received by die medical device, including: 

a. direshold detectors diat select diose portions of die interference and die signal received by die 
medical device Uiat are above a designated direshold value of a signal featare; and 

b. a coincidence detector diat compares the portions of die interference and die signal received by 
die medical device tiiat are above die designated du-eshold value, and provides a communication to die 
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medical device that depends on the existence of a coincidence between the compared portions of the 
interference and the signal received by the medical device. 

9. An interference detector as defined in Claim 8 further conq)rising amplifiers that amplify the 
5 interference and the signal received by the medical device. 

« 

10. An interference detector as defined in Claim 8 further comprising first and second sampling circuits 
that sample the interference and the signal received by the medical device, respectively, and a timing 
circuit that directs the sampling by the two sampling circuits to occur at the same rate and in unison. 

10 

11. An interference detector as defined in Claim 9 wherein the signal processing circuitry further 
comprises a counter circuit which determines the time rate at which coincidences occur between the 
compared portions of die interference and the signal received by the medical device, md provides a 
communication to the medical device that depends on the occurrence of such coincidences at a time rate 

15 at least as large as a designated time rate. 

12. An interference detector as defined m Claim 1 wherein the signal processing circuitry comprises a 
threshold detector that selects those portions of the detected interference signals that are above a designated 
threshold value of a signal feature and provides a conamunication to the medical device indicating the 

20 presence of interference above the threshold vahie. 

13. An interference detector as defined in Claim 1 wherein the signal processing circuitry comprises an 
analog-to-digital converter which converts the detected interference signals to digital form and provides 
signals to the medical device mdicating the strength of interference detected. 

25 

14. An interference detector as defined in Claim 1 wherein the antenna comprises multiple coils oriented 
in different directions. 

15. An interference detector as defined in Claim 1 wherein the antenna comprises multiple turns of at least 
. 3 0 one coil, with the turns oriented in at least two different directions. 

16. An interference detector as defined in Claim 1 wherein the signal processing circuitry comprises an 
amplifier which amplifies the interference signals received be the antenna. 

35 17. An interference detector as defined in Claim 1 wherein the medical device comprises a cardiac 
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stimuiator. 

18. A method of detecting electromagnetic interference in a medical device (10) that is implantable in a 
patient, comprising the following steps: 

5 a. providing a receiver circuit (36), including an antenna (40); 

b. providing an electromagnetic interference detector (66, 68) that is independent of any other 
circuitry of the medical device; 

c. detecting electromagnetic interference signals receded on the antenna (40), using the detector 
(66, 68); 

10 d. processing (70) the detected interference signals; and 

e. providing (80) a communication to die medical device that 
depends on the presence of mterference. 

19. A mediod as defined in Claim 18 wherein die step of providing a receiver circuit con?)rises providing 
15 die antenna of that receiver circuit as a system" of multij^le coils oriented m different directions. 

20. A meUiod as defined in Claim IS wherein the step of pk^dcessing die interference signals comprises 
comparing diem to a designated direshold value of a signal feature, and die step of providii^ a 
communication to die medical device con5>rises providing a communication diat mdicates whedier 

2 0 mterference above the direshold value is present. 

21 . A mediod as defined in Claim 18 wherem die step of processmg die mterference signals comprises 
converting diem to digital form, and die step of providing a comniunication to die medical device 
comprises providing a communication diat mdicates die strengdi of interference detected. 

25 . . 

22. A mediod as defined in Qaim 21 fiirflier comprising die step of providing a recording of die strengdi 
of the mterference as a function of time, 

23 . A mediod as defined in Claim 22 further comprising die steps of providing a recording of at least one 

3 0 parameter, related to die patient, as a function of time and comparing die recording of die at least one 

param^r as a function of tone to die recording of die strengdi of die interference as a function of time. 

24. A mediod as defined in Claim 22 wherein the step of providing a recording of die strengdi of die 
interference as a function of time is initiated by a designated evem. 

35 
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25. A method as defined in Claim 22 wherein the step of providing a recording of the strength of the 
interference as a function of time is initiated by the patient. 

26. A method as defined in Claim 18 wherem the steps of processing die interference signals and of 
5 providing a communication to the medical device further comprise: 

a. conq)aring interference and a signal received by the medical device widi a designated direshold 
value of a signal feature and selecting those portions of the mterference and the signal received by the 
medical device that are above the designated threshold value; and 

b. comparing the portions of the interference and the signal received by the medical device diat 
10 are above the designated threshold value and providing a communication to the medical device that 

dq>ends on the existence of a coincidence between die conqiared portions of the interfexmre and the signal 
received by the medical device. 

27. A method as defined in Claim 26 further.coii^ramg tte $t^^ cqincidences;.between the 
15 compared portions of the interference apd the signal^ received by the inedical device as a function of time 

to determine the time rate at whidi the coincidences occur and providing a communication to the medical 
device tiiat depends on the pqcurre^ce of jucl^^Qoincidences at a. time rate at least as large as a desigiiated 
time rate. 

20 28. A method as defmed in Claim 18 further conq>rising the step of amplifying the interference signals 
received by the antenna. 

29. A method as defmed in Claim 18 wherein the communication to the medical device that depends on 
the presence of interference mitiates a reversion of the medical device to a designated mode of operation. 

25 

30. A method as defined in Claim 18 wherein the medical device is a cardiac stimulator. 

31. A method as defined in Claim 30 wherein the communication to the cardiac stimulator that depends 
on the presence of interference initiates a reversion of die cardiac stnnulator to a designated noise mode. 
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